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1 

differ 7 > Kii««4, mi^mx: ^<7>mmmuift^ 

o n p( ^' - it^^li L r j^3^0»KtL<D (DSL 

EffiOi^i < t <) * J: d tcf^Hli-S 7 n - 
14, $'bi;«Jf2«S*l-4'{caaE«-^i:$-ii--5¥e:S:*L-C so 



2 

[0001] 

[0 0 0 21 

ti-*rt^«apj8i4, 0w±it<D<t^mm^t^mtLxm 

[0 0 0 3] O^Ju-yTi^ic^J^^^i/^-Pp^Soa 

^fj:BMUm^h<0^^^}l^^-im^^Xit^6^l,zKB-t 
*«.o j^i|E|-1|fifeJ4, «S«lRl&<Oft*3 f) ic, SS^t® 

^ o 

y-;^*^^fei^ll^^fe•cfflv•>t>^^^H2**;^ic^m1--5. 
tz}t>\z r';-7*--vj Sr^lfflLTto > ^'-^-;ui^«-mrtb 
»4. ^K<om»KS-l5efflL/co iOfl?g<03S?g#e,l4. 

J -)\'mm'^^im.^\^tzo ^<r)^%.(r>^m^^\t. |W| 
Sl^g^'bO^lHtlt^S, 5 9 9, 6 3 8-f-{C|E«$H 

[0 0 0 51 

o-e*»9, *Kifi-S&*<OJ:v»;>f ^y-;H^i^^MiJ J:cr-e■ 
<7^«^^<0«i^:^^^ S-JIft-f CI t i6<lti-*o 
[0 0 0 6] 

y -)\yim(nmt. iP-*: < t 6 T y - KS.Of* V- K 
|(rfe7n-7-f-;v KiU^ > H4, m^--}i<r>'^ 
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3 

*LTi5 0, l5fB7n-7>f-;uK®lttifff5*S*^ttif& 

ttiiffltTisf). mmBMmm'gii. hi>i?\^izmv 

10 0 0 71 ioi§g^<o«ft«-m}fe<o^ifiB#-e 

[0 0 0 81 ^h^zttz. z(7)^m<r)mMm.f^<omMm 

[0 0 0 9] (blcS/c. C:o5l?go^*^m?t!l<7?^ifeS 20 
m.X\U «ffe^^*l-tfJtcgL»E*atD$Hi:'l>¥S«:*LTv> 

[0 0 101 tT'c, C<0%?§t±, itS^t^^^ 
;vKiUp'>Mi, MB^fflM4•?^^)H^t:-v>^7^-v so 

LxmmomtKD'pn&mimm^'tixmtir-^A.-c 

[0 0 1 11 

v»T, mMnm.<7>mm^mzH-ri>m^<o^B,'t^ziz 

'ttz*)^<Ltz*)X^im^i:^m-ri>ii<OX'i>?>o ii 



4 

»±, i/^, iK#ji»ip*«:l«!j«Uttl&-r-&OS-#aU-r<6 7 
[0 0 121 c:o*R^mriiiv;^-rAJi, S^sfiSfo 

v';<>TA^i^l5^::^±^ 5' ^ -;^iS)^■^'ffe<ofill^:-'^•7 > 
ii:Sra»Lrv>-2,o cof&e§#p>j±, tit 

^®-r'J>Srft74*fa©$ti-Cv^;Sc iO-fcV-9-14. i<^B 

[0 0 131 ?!5^<ojifat»ss,L-t#ii^icfse?ix7^cfe[ 

:to;^;i'*V^, »tL<t± DuPont <0f-7 'f V(Naf 
ion) (mmm l l sKU-r-SWKMttTffl 

'e»S<>'J7*--ri()'ffiffl-r^'j2'S'i<, -f^HiLJt^t 
[0 0 141 ry- KmS^r'f ^>'-7-^i)n?PjSrfflv»T 

!Sije)*sij<o::^^t4, ( [csm ) ^^tfm.mv:i 

fflv»-S,i t-C$)ofco ^Jx.(f. h 'J J< h^->J< ^ > FT 
MMJ <OJ;9'iSIJ<0^^'y-;i/^if#:^f|-t±, -?-tLC,(7) 

(D^WlH (crossover) tJVJxS < ir^,, 
[0 0 151 ::z<7>^m<r):itih<r>Rifm<r>m{Z'D\/-^x. 

[0 0 161 I1H±, /^^i^^i^l 2, T/ - Kl 4> 
* V- Kl 6i3<tlfH#:^'J-7-7'n h VfE^^*-^:t 

>iSsi^i«<PK)ii 8 t*i-^ia**;«t«&**s*s*^«iaii 0 
irfp-to Ki.Ti,z-^wmizm.m-ti>ir)iz. t^-ki 

•>*V^ 1 2<r>TJ- KS2 2rttC5K>7'^2i 
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^mt. 7 j~y\A. * V- Ki efciLKflgi 8<o« 

[ 0 0 1 7 ] ffiffl -C, r y - Kg 2 2 \t^^m 

Ps>:LiSi<nm%^X'mfz\.. -f-L-TAy - Ka2 8 t±^^ 
tK^-Cjt^c-To *«M*|-fi7y- K 1 4 

m^Alt (IH^-tir-f) **Ty- Kl 4 V- K 

K 1 4 -cec 15 , :«>oS2^<7Dl;^Jt7C7!)** V - K 1 6 "C 

*ai-i>^i(ci tj. i^h-Cj 2mffiF4t-||ffll***.i:'6o 
T - K 1 4 ■C(7?m^Kfk-C^fiE L7tm^**d1-SCft W 

-cJits^ti^o ry- Ki 4-e^fiS;L;t:*«'f 

») -/n h 1 8 im.^mmoxijy- k i 

6 1c$&5l$^t4o LfwTi^or. m»£<^»ittL{i. mftfe^-a 
(0 0 181 ±le<0J:^^w^ ry- Fi 4. * v- ki 

> t 7 iU:*- a t:*— — -r ^i';^ v®5<0 n <j -7 

7 ;i' D < t;^ Ji' * > ^ V V - , 'J ;^'f k** ;^ ;u * > 

[0 0 19] ry- Ki 4ii, e^;i'f--->A'&^<o*i 

■c, mm^fi^o izmmm<r>i^mii. *b<o cabot in 

c.t±7!i^il^t'l> Vulcan XC-72A <r> £ 0 ^^U^X X 

ry- K : CH3OH + H2O- 

[0 0 2 31 ±.ttE.'!Z'X^is.Ltz-mtRm\i. mmt 
m^x-icif^m*^h^n.^ixi, (112 ^•#s?.LTJi^T^- 



<0 Toray (glirSg) 7 ^ > ^''x- h 

bLXitm^iXho Toray (SlSiS^) ^-yC-(7)/<-;/ 

+ > i^±oti^«is<^-g-^m^ffliSiE3»«*a V -If ^ i - -b 

•7 y 7 7 5 V B^^<^ E-Tek, Inc. tt?!)- A#r- # 

tti«<oiprtL ■{) . ■r7n> (sitiss) m^tmxm'kL T 

oray (g|SiSi«) *>i^±lctS:*1-4^t^ 
[0 0 2 01 ^:Z<0^g7!)^;^X, W'Uv'tzA. 

Attz\t\^-''y i^xi)i>&-^'-^-:^(r>-^±i. S^;w-r 

^OflJi, 0. 5~4. 0 mg/c m2 CDSi£H**»t L 

20 mtii^^^ixho 

[0 0 2 11 * V- K 1 6 »i, :#';^i£;tS:m®-e* 0 , 6 
8<o-::^<^Mt3^-g-ttrv^;i,o *y-Ki 
6 lis PI 8<ory- K 1 4 b\iKnm(om^zm^^n. 
tz$mwm^ t tz »ifi^«jto s ^xm^-t * ^ t 

* Lv^o *H<^ Johnson Matthey Inc. tl:*»'i>A^f§ 

<0 E-Tek Inc.?±*^c?A¥-C§4tfl#^dt<0&^ttfl-7j* 

* V- KfflJr3gLTv>-5o ry- KOS-g-c^ J: T * 

y - Kffl o ^m^i=F t^m<o^^y^y i^um-± m-ti: 

if-t-'SftJi, »^ L< 0. 5~4. Omg/cm2 

»i, 1 0~ 5 0Sa:%<75'r7a> (gl^S^) ^r-&* 

[0 0 2 21 f'^fll'f'ti, iSE^ffl**©. 5-3. 0*;v 

*'m«5m^H'b-&*Lrv^^v^) Sr, Ty-KS2 2 
40 rt<^Ty- Kl 4 ^iii§^-^Tifa?-*-5><, *fJ L< 
l±, 1 0-5 0 OmL/^<75lEffl(05i£ii*«'eeffl$tT.-5)o 
«»fl-i:*<Oift'^!fe**ry- Kl 4 «-ajaLTlfiS1-4i: 

* Id 

■CO2+ 6 H++ 6 e- ( 1 ) 

[0 0 2 4 1 ±fe^ ( 1 ) T-^i-^^-fk^Rtc-t |B]B# 

50 



L 



(5) 



2 0 0 2 - 1 1 0 1 9 9 



[0 0 2 5] 



10 



20 



* V - K : 02+ 4 H*+ 4 e — 2 H2O 

^ (1) t (2) T-^$ns<@>*«!Oi;SR * IS^ 

?£Tt!J : CH3OH+ 1 . 5 O2—CO2+ 2 H2O 

[0 0 2 6] +^\Z-^\'^m&<OBMX\ 5 0 OmA/c 

1 6-^(D)7>>^^#<'^^S63Sa (crossover rate) A^x 

^•cii:*:t'&o 0. 5■=eJ^/L J: i){B:v>aiiKT-»±, Sftfe 
Ol'^ldlil 0 OmA/cm2 *j|lS<Ol;«E^a[(C|!g^^ti 

10 0 2 7] »S L< (i, /c(±^^li, 10-3 

0 p s i g<Ofeffl<OS:^3TT* V - K 1 6 SriiiiLTW 

•ta*li, tH- h 3 0 S:aLT®?^oaE*t»cJ:oT* V 

[0 0 2 8] ii^\zmm\^x\^-^h^wmm'.i. r^-vx- 

n%mit^ixi><0\z-))Wk.X. @^;K';^-Sft?Kmi 8 

(3) ■C«$tL'&o dwai^ti, r^^^lb (fuel cro 
ssover) J b^MiX^o JKJWOigtl&lzJ: oT, ^^SS 

^m^nW^x^,^^^^^i>m^KZ-X'hh^ l^fzt^ 
(75 jS^*:*^*^ icit 1- -i. «r $ -& c: i # i » 



8 

(2) 



30 



40 



SO 



(3) 

x%i>o i^*teas<it^*ttgi5e*»«:iiu^*Lr(/»>6 

[0 0 2 9] SfrS^K^Ii, 6 0 "C -£ lS5V^iajSr-(± 

(iOTlclllXv'^-r-^ t ^' Vi' tcov>-CJ±, 1112 =£•# 

- Kg 2 2 <04"^S«^ 5^ ^ i: § *o 
[0 0 3 0] T/- Kl 4r-^fiS;L;t7'n hviJiCK* 
V - K 1 6 -C^«L/w7K»±, h >'(S^'ttH^«MK 
8 I- J:oT-oo^®PflS:*feJSI$tL*o Ml 8 OJS 

(Oip.'^li, iff L < li, 0. 0 5-0. SmnKOfEHt 
■t-&o 0. 0 5mmJ: «SMeD3i]S 

ff#^tg'5:I*lSI5Stn:Sr^o;^:i6l-«±, lohm-lcm-i 
[0 0 3 1 1 ±fE<^i; d tc. S<j?e)Blt±?ft<*:ill»«-lc*ti- 

4:i|#'l4**S(ftLrv»-&, Aciplex (glSS^) (B*<^ 
Asahi Glass CcttSSifi) 0± ^:'^;V.7;i'^n^t^ Jl' 
s^v^jKU -^-SiiOM. i3J:t/^|tao Dow Chemical C 
o.^±7i*SiiiLTV^-&;}^';■Vr-M^ tRIx-tf XUS13204.10 

RAI Corporation tt*«SiiitLfcM) 

-5) TiN S3t{±*-&fi7i*M'S:orv^-6 7SN Sy::»ia?1g<0 



(6) 
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[0 0 3 21 JBL±<OSigg:*»'bSfil^n-& J: 9 l-x 

ry-K CH30H + 
*y-K 1. 502+6H++ 



10 

;^ -c jg CI ») Ti* *, ^rtijgis 

mfiiiJs y-'ii^* y V X -r A (7D ft o*f iM-s4Ric+a a 4- 

[0 0 3 3] M'fe^&acA 

H2O = 6 H++C O2+ 6 e- 
6 e- = 3 H2O 



lEi* CH3OH + 1. 

-cab -So 

[0 0 3 4] c:<o^aatt=(ct4. i<^^?^(Cj:ot:fflv»t, 

(O^mizXoXm^^hti&^t Lv^P t -R u*f*l-(4, 

75«##:fe#(c^ 7t o r iS;— tcii-g- ? tir 9 > r a ic MRS 
[0 0 3 5] C:co%?g<^?^ l#§OS«±, ^^-&^^«r 

L v^^ipl- ?r lim-r ^ y a -b ;^ ?r C O^qSiS Clfi^f ^ o 

4:UJ: *)> nne^K/s#-<f7|C5BJ«*£H2P t C 1 6 • 

(III) CO* AigjJ^c,, ;l/-f-'i/ Ail(^K2R u 
C 1 5 • H20«r^lK$i-fr4o 1 2. 6 7 2i^7AO^'n 
na&Ki^S*-, 13. 9 2 1 ^'■7A(7)^>5'^nnT 

6 0 0ml tm't-ti>o MttA(r>m.^^i 15-30^ 
(0 0 3 61 ^v^T% C:<0KtS;^7U-H. «5»1 m 1 so 



5 02 = C 02 + 2 H2O 

mtz*) 1 4 Oi''^A<DRm.i-h') '^■1^ (Na2C03) «r 

2 0-3 ox:ora<^jajK-e^.jn-r*ii:icj; I?, t^i^nu 

iSli, ^llfetc^^:>^,o %?g#^t±> C:*xic*til 5 ^3-^ 

p Ht-^tit-T'S.- i:*>':^«JT% p H »±, h 'J A 

«-i9)o< ») tiDx.-6ii:(CJ:oT9. 2 5#a-e«l^-r 

[0 0 3 71 ^v-'-C, c:<55 nTt-fetOU^tt^ (grey pow 
dery mass) J S-toSLt". -fiOX^ U — *^^7K=Sr-3^''< 
**U--h-r'J)o CIWJ^/'^^U- Mlt± 1 B#F^'iV> L 2 B# 

Jg^S-^^gf-C^^I^^-fr^Ti^ tfz^tM^'^T. 8 0 
1 0 orr-^iss-t'i.o %t»cOKfe<0@^*:*q#t><x 

FJfe<7)i^*<^fb^e<)l*I^^t-t±. 7Kffilfb;i'-r-'!7 A = R 
u (OH) 3, 7KaS^ta^=P t (OH) 4, -BuXf \-<)z 

-<t<r>i,<o (gunk) J -f Je-ffcifes -e-ittcJaxt:® 

fl-*^ a ^ t ^i' -f- - -^z A (7) Fal O * It^i- i: «^ L T 
Tv^^t, ■irtihii^i^LXl^^LXLt\'^> &.=F<0± 

[0 0 3 81 c:o%4^0H#*tiH-«±, *3gi:T;i' 
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^^■^ho COJtr^^Ji. ft^ 5 0 - 2 0 0 m 1 tOSEiiT- 

[0 0 3 9] t#t>fL;t*t*H±, ^fc»Ci5fei^L'5:<T1±*:t> 

^^v^o ^0*^ipK±. ^moSfe^, ^Jx.lf6 0*CT-6II]<7) 

(O-iJ- V/vi'*-, 6 O'CiOffii'f ^v*?: 1 'J •;' h JUAH/w 
lf-3!7-ICi^1-o e^;i'-r-'>i»»±, *t-^^T*-&o 

STi^a?-t^-&o iO?#?S«-f*fI3 0 0 0 r p mT- 1 B$ 
^i^S- 1 <; y h;K0 6 0'C<Offii'f :i- V7|cS-Att;t7 7;^ 
[0 0 4 0] iorjfe^lgii, -^gp-c 6 0^ I) ig-to tK 

;i ^ O -J^-g 'fc ^-g-^PJ -C »± *> S mtT- $ ttfa tf^ 

[0 0 4 1] S»fi<>ii:jS'i:'^J5fl»i'^*=ffof^^, ^(O^ 
*=Srkr-*-tC^LT6 0 ■C<Ojf^:j- - T'V^'f 3 B#Pfl 
S£J®-r^o wtLlC'f^x.r, ^:o##=Sr<S^^J^LTt) J: 

ti^^-CSIf^t S ;i (;r£ E ^ -2. - i: A^SHT-fe 
*o 'Si'k^im^iri,tztf>\z^ 

[0 0 4 21 z<r)^^fjim^^ip.\t^ ■^^3.^u>^^ 
Ztii^t>i!)^ofZo tfz. Ru02, SS'fk-'l'-f-'t' A. S. 

[0 0 4 3] Z.(Dmt^i~'i-i>W^^<^±^^X-$)i>&± 

mj^i/iuf-'y^^ii. —mt^i'y (t 102) . ^ 

Vv'J'A (I r) S.O'/Xli^i-x? -J^i* (Os) 



12 

^•:>fz^s.^imfz':> rzm.^. «- ^-r o 5fe=}f <o*i?- 1± , 
\f\^.hm-^fz<^.^^£<. ^x (D^f^ii-ki^ffi izsR.^ 

[0 0 4 5] Cl<07'a-t;^lZJ: IJiiiii^ii/cWi^ti, T 
*Ji^^''^>^^ r^'vi' (ink) J dcj^^^Slz 

(OJUf-'^^izH-tiiii-tL^^ttmiii. 6 0/4 0 i:4 
0/6 0<OF^It?*)&wi:S-aoltTv»^„ *^<Otttl 
»i. 6 0%'7)e^t 4 0%co;l'-r-'i7A«Oi: §tct#P>tt 
20 ^i:#x.f?tL^o t4t6«±> 15*^**1 0 0%<7)e&tC!i:^. 

[0 0 4 6] i&(r)i&a'^^z<o^izi&a-t^:ztizx 
*).^mi^mx'^. trz:z(r>mmiims\i<r)i.t)^m 

m^i:i&m^<ou^X'm'mir-<^x$)Z> t^x.fzo n^. 

m^xkt. ^^)Vf-=.'^j^i)mmit.Lxm&<r>i^^xi> 

^m^h<,i. :i(omn:<^^^'^-kxttzii.-u^\z 
30 ti-rhmMm-^mmirz>zti:m^\^x^tzo z^m.^ 

o 

[0 0 4 7] T/- K-C-^aC:^Rl&(±> CH3OH + H2 
O — CO2+6H + +6 e- -CJfe^o ^m^h\t. fi^^l' 

X - -e- <^ lit -c**-)^ «• »ii s -fr »t «r i- 
[0 0 4 8] >5'>'-;i'»±, ^^m-fk-^t^f *)'5>o m.mm. 

40 i=-(±, -fife <0 4 ooMT-t^-^^n-S.o -?■ K CO ^ *> 

/-;l'S--^<D*^i:<75**v K36-<b»StLT, M = C- 

OH (M(±, p t *it^i^feo^JS•^^-'^ h<7))te/^) +3h 

*ifi.^-ri>o ;w-7--'>A(±, it^n^^ (HOH) 7>-<b 
7K^*»f8ILT, M-OHSrff^fiS:1-*o c:ixe,<^affitz 
t <OI4, -^v^-C% CO2+ 6 H + + 6 e-t LTSr^^ 

50 S7C$i^-&o cittJi, -^filttftfeiit ©t>*tSo 
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[0 0 4 9] znmm^iizumL/zjiT^^. jt^y-fu 

#!KJ«r^a3L;to •tvrfv (M0O3) , -^ftf-^A 

(Nb205) . 'J)V:d=.^1. (Z r O2) > RXfuVj 
A (Rh) H- OH LTM-OHlw-t^iaSg 

-Siff Lv>fiijKni±, Ru. Ti> Os, Ir, Cr, 
S D^/X ti M n 75*^ if lb ^. o 
[0 0 5 01 ;w-r-->A»i. SB«-;i'7" 

V ^7 A *f;i-T - A < <7?#14$-* Lr ^ c: i: 

li. igH2l r C 1 6 • H20 4-±ietC|emL/cft«!JO*t 20 
3H-tC> 50-25-25 (Pt-Ru-Ir) <0«.-&* 

i7il?irv>;i/T^.i7A=S-afflL-C, It ^ i < fid < i: 
[0 0 5 1] isjh-!!)^(Dm.^.i:^-t^^ti:)^^y!)^-:>fzSfi<0 

a^f-ir >Wvyn5K*-> KSfcJiT i C l4S-t)7c<0?ft 

<>50-25-25 (Pt-Ru-Ti02) O^-g-e 

m-ti,Zti)^X'^^o 5 A(±. JtgH20 S C 1 6 • 
6ll20tLxm^^l,zmo^i^. C:*tUJ:oT t*fU 

T*§-&o -^-i-c, ry- Ko^iRtcov^TJiiiTugiig-f 

40 

[0 0 5 21 :»-;K>^-/<-<7?jKfig: 

[0 0 5 3] ClO^ggoSSli, »SL<Ji. 



14 

-3-5'W-a-3-^'TlT-9-- K7'<-i - 5 0 0 fit ^£ 
O Toray tt:4»t> A^-T'i -5. TCPH-090 A-^Kv^^-zi 

li, *^3 6 0 %O@^<D DuPont ttO TT-^nv (^fiiS 
m 3 OJ ^:?S?£«:^5lffl 1-^.0 i/c, ^(O'^t-yN'-Ji, 
/^'f > t jS-g- 1 CI * «Jit<D * - ;K > 7 T /<- -C 

AoT^jiv^o C:c0 7 T v^-ti. n-7 7intL/if^, 

tei^'&.-hmm^fiho iory - Kr-fevr'J (4, 

[0 0 5 51 i<o?gia*trffi©-t'& 4 9 -ffiffl-r-sx 

LSD^fe-f ^:ittc4 t;tt>$tt^o fg^#p,(4. 
/ < - <0 SiS'tt'OgiK t O - / N' - --(O-g-aS i: <0 K 

[0 0 5 61 t-r^ib\Z. 7-yu> (.mmm) 3 0<7) 

7Ari:<07Kt; 1 ^^9Ar^<o-r7n> (glSffi;^) 3 
OSrt^ilDt-'&o 1 A<7)T-7n (gf5^«) SCO 
60*S%I4, 1 0 Om 1 a/wlj 6 0^^7AOt-7D>- 
(gfS^ei) tcffi^-r^o ClOtffl-S-, ^xlf*"9;^M 

[0 0 5 7] Sit»f'^t4, — tS:<^*-'K>'^->'*-S-ff 

T , <o?§iS[+ * - > - /■? - «• g-r xa ui* jtt.-r 



(9) 



*$Bg 2002-110199 



15 

[00581 f-ya> (^mSSU) Jt^-7;U>'*3 ><75^® 

^cJ:•^■C5l#f!I**Si^'&■e^)^^o L'^^v^f , ^- 

2 34*f'f 7VJL2 0 OOJ: 9 =S:BJIIl<0±tw5gC)nTV> 
'J.5:^f*:2 0 2S,t;f 2 0 4 SrJgfiSil- -bo x^n > 

7^-V-(4, E@**0. 4 3 -f >f-<7?r7n > 

^^-IC(±+ ViS' 2 0 6**S^$tLTi5tJ. A-*':^'^ 

10 0 5 9] m3 t,Z7j<^ilti^-''^-^Mr-^>-^'} 
H, ^kV^-C? 0'C<!0:t--rv<^ct''^ 1 B#PflA*t'b*T-*Q 

t>*3 6 o'co*-7'v*PF«3-c-i^raj!siis-t4o a«)tc 

liiPLTV/»4o $ (btc-JlJfitjlcm^ i:, Sl:<0igSa**3 

-2 0%<^M-e**t»?, S^^f^-So z.<r>^-^^-\t^ 

+**®lR**^$*t?t3J-f t:*^ S:f>VXI4? '^'^^'<- 
/^• - O^gig 4- ^ 'J2-S54*S> S f ^ 5*^ * •5> *^ 5^ 

So 

10 0 6 0] /i4-^tftei«^#ttS»* Lv^;e?l5*-0 

-So 
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[0 0 6 1 ] a^^ur--^ A^5fc(±, 'f y-T - i: rS^ 

7 ^ :^■ > (^iiffiS) ^ifi 1 0 0 m I ico^, 5 A 
O 6 ^ -'I' x - 'i' ^ * rSSDi^ o 
[0 0 6 2] ®^i::*f?L/c6 0«l:%O-r7n> (g 

B-ft^W DuPont tt<0 T-30ia-^^Sr^*Di-'2>o 

A(7)7^7DV 3 0fl5iftiffiifi[=£rXtt3t 1 2fi 

0!l?SfS?rp-g-i-ao ±IS<r)l 2Sa:%<0-f7a>' (2 
fSffiS) r§ie[3 5 0mgt-, 3 0 0 m g (^ffii-f ^t" 

^jSEfl-g-fi. »*U<»±, i^l/4'f >^<oggSS-c* 

[0 0 6 3] ±5^ L/: i -9 t::. x 7 n > (g|SS!S) * 
i-reife^i'-r-'i' AtrS'&LT. *t 1 5*»%c0'r7o 

SS-c-*>So icoB#*-c, 5*l:%<o-f 7-f :t V (SIS 
30 MW) 0. 7 2 A=S:)2:Ptr>lcAtL, <>d— K^iSi 

<Dl¥*-t>-^>- iJiJJ;-?- 1 m g<0-^--7 
2 m 1 /itti^ira1-S i i: K J: o TleM-t S d i: i 

^ o 

[0 0 6 4] CK^jaSS-^f d ;^ 9 'J -iic<0||fe<0# 
-#V'<-/'«-ic^*i-So ^ < <r>-)i'^(r> ^ 

-/<7#>^^±tC-?-<0*tiH-«r^S::i:-C**o c:tt«r^ 

(glSffi^) 'fb*-**>'<-''<-<^2 'f 2 -f 

M-<^M-® I- W-i- S fiOfitiS t ?gfiS;-r S i6 <75 tr- 

*-C^itSo 

[0 0 6 5] *tm«teS^:«fcS<OM-e-i|£^$£jl^tlc®i:«rS 
50 idle, «^Si:ISa<^Kf 2i9— 5^<OS£i»B#HSrlS»t 
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"CS) o 

[0 0 6 61 ft^li, ClwtC, ry- KSrfM-ra*ft 

[0 0 6 7] -/oh 
^) 1 1 7f L3&^L***c>, flfeWttfl-iyn h > 
Jf, 'fife<0•-J;^7;^::j-^;^;^.-^>®^*^fi•^r^lJffl1-^C: 

10 0 6 8] »S Lv^Htt^^ti, DuPont 
r-^^^J-V-f (glSIS^) 1 1 7 -Srfflv^T^&S-So 

<o^?&*-C8 0-9 OX:-eiB#F^*''f ;w-t-5o cntLtci; 
% J: -i, ^ifl^S ^ =fT o /-jfS, -E- COM ^ IJi -f ^ VtIc^'-C 

1 0 o'c^&<T-3 oi?-rai*i»-r^o ^(ofricmi-®«$ 

ioTpSSt-So AC Sj^^U- KO^ti, SOppmJ; 

::<7?M^ 1 ■=e;KoicSS^>-c*t)i 0 0 rr-^j^f i: 

-So 

[0 0 7 01 iaiS^n/:^*^-*, ^>;tcflji^^>7K4'-C-9 
0~ 1 0 OTC-cs 0i9'Witi*i--5o -ew^S-i^T, c:<7) 

[0 0 7 1 1 dtiibO^fe^Xg^-^f o/cmT-(±. -€-<DM 



18 

(0 0 7 21 ijy- KtilfiK 

j±x *e*^=^:eife■c^5-^)7!l^ m^^-i y-i^ i^m^^i'^t^^x- 
'Oi't.ziS.'tLXii X^^o 2 5 0mg<O&^mmi. 3 
7- l/2mg<Or7n>S--g-trO. 5 AO^jct 

or, 2 X 2 ::^f•<0*-*'>^-/^•->^■^rM1■■^)<0 
(C+«-«:##*:ff^fiS;-t-'&o **!!:a<0 Toray 

m.LfzXdi,z7-yo> (gisffi^) -fb-r-So -i^v^r-, 5 
%<D7-y^> (&mmm ir-^^.L/z^-^'^-im^-t 

20 ^;flT-r-&':::it-J: t), 4 m g/ c mz/gcop Tr-S-o 
^*»«±> 3-2 0%<ora-C|et>o-C'{> iv***, 5%** 
[0 0 7 31 J^/<-;> >y 

* V - K * f^fiK-r ^it^t%mx j± , 7. /N* 5' ff^fis; L e 
i:mx.xy*^^^ti)mm\^fz„ ^^^-j 9 >; v^'*5^^<oe 

30 

[0 0 7 41 *V-KI|;St4, 02+4H++4e— 

t v>^R)^:.?r^f To ^00214, e&mffi<ojiiia<o*';^ 

fflv^T$&S-J>o in(4, Johnson-Mat they tt'fcfcO#< 
•? 2 0~3 0 i^9A<^;.<oa^S:, 0. 1~1 
40 [0 0 7 51 e^OV-;^{4, a^n-;- mo^^J^^T** 

(0 0 7 61 S^«i> 114 nm^Six/iv^^-rA^rfflv^ 
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'{r'v h 2 5 0 Uli. *-;K>'^-/«-^ffi2 5 2 3»^ffilf 

1 0#fflT-l Dei" -6 J: dtl^oTv^^o C^Tfflv^^^ 
dfS Lv^fitJB^^J:ixlf> I^IOP t«fc*&ig2 6 
ti7./<y9L. A I «l&l©2 6 2 75>'bT;i-^ ^'i? A^r 
X/N'y^t-5>o 2 0 0 K#ifiT% e^tiO. 23 a 
mpsT> S /jT;1^^ — 'i' A(iO. 1 5 a m p s T'><./< 

[0 0 7 7] ^m^h^i. Z<D:^/^ y^ yVkZt^X 

sffiaujtE^jti^ 2o^;^T'^)^7&^ i-50b;i-op^ 

-i^ >f X coe^ Ji^^Ki" ^ tc^ ^ r ;u > co^JE 4- 

d o 

10 0 7 8] »S L<(i. ;^/^'y^$^U>^•**?•x.;t:ab 
[0 0 7 9] i^M^Lfzn.Wt. /^y^y^y±(0 

(KOH) r-?5fe?$--r^^ t r;i'^^':7A 
OfifiC7^or^v^;?^j^rHl7!i-'^^o Pt-A 

< {i. -eti(±0. 1 ^ ^ n >S /^ii-f ;h.J: *}»v^Mm-C 
*)or. #3H.®JK:;6^0. 2 m gft c mZi: 0 . SmgIS 
c m^(Df^'C$)^o 

Sr-b>ru ( TMEAJ ) tia-Jvair ^ba^o 

[0 0 8 1 ] ME AOffM 

CPao5 12^>^xi2'f 

[0 0 8 2] T/- Kmffi*r-?-0:f^^;u±frzM 

[0 0 8 3] -tt<?>'^^ >'-^'f ;^<?>^6B«r— *tHi^ U 
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li^ ^tt-rtt^-jo. 2 5 ^ >-^cof?«^(7)z:tS:<07.T- >' u 

<3r)Kfrc(S^$itTv^^o •?-c07'l^;^^e»i> ffifciaic. 0!l 

10 [0 0 8 4] Sv^T. -€-coyuxSa?rj^I&^ii'T. 1 
000 75^^bl500ps i SiS^E^JJi 1 

2 5 0 p s i > ^^^^^ho -ecolE^lli^ 1 O^fUm 

14 0-150 r:oiaKtEHrt<^v^-f it<7:>iajK'e 

-^-Stcti. B$FB^4r 2 5 3 059^7&^tt'&'<^-efcoT. 
[0 0 8 5] ^v^r. JE:tl«' 1 2 5 0 p s i \zm^l.fz 

(D&tiimwL-rho ^(D'ik. m^^Mzmtnm^w^^ 

[0 0 8 6] yu-y^-)VV 

m^nmt. K\Bi)'i^^^fz^m.%Y^mi)^m^fz^^h 
mm^v^^'i'^o z<o^m(omMMT^z^r')\t^ 125 

30 tc^^arv^;^) J: ^ J^:7n-'7 >f KT-ir >ru Sr1£ 
ffl^^^o -eti.'^'tLCO^affiT-tvr'; ( TMEAJ ) 3 
0 2Ji. yN^yi-- htaSSB-ZU- h 4:=S:^-t^-J+0 
•7n-gcj|ffl*/l^- b 3 0 4 5.^>*3 1 2 (Ofi[\Z^tfiX 

U-- > tME Ai:cora<7)#^ra3 0 3 ^mtL-tho >'^M 
h/^ggyw- h tME A;>^*i r>^^^y 

40 < . ^gByi-- b 3 1 2T-*^o ^SBt'U- h ti. it 
1PJJ[BtwC0<^-^-\' >>'^'4r:^L"Cv^;5>o >^'^'f b 3 0 4 

3 0 8 7&^I5:tt«bnTv^;S)o 3 0 6 li. 

Sr^vrU 3 0 2 lcWLTi¥Lolt^*SfigSr*LTV^ 
ho -t^^U-^ 3 0 6 (Dimmit. *KWlZ^®tfeOSffi 
-e*»}. -f-tLtiME A 3 0 2<OSEi:gfit-r^o 
U-h(i> mSSr-tvr^j 3 0 2, 3 1 0cO^TSr5: 

ho 

50 [0 0 8 7] ±5EL7t J: 9 ^r^Uffir-fe V/U 3 0 2 
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ti(omw.%7-byy)<o7 y- h'ms 1 2i±, ^ms i 
[0 0 8 81 zffi^mff)^^ y i^wc9f<o-mii. meiz 

gi5i3-6 0 6l±. -?-tLlc?&oT:^# <]E:^«-{g:T?-€-*o 

r/m.i&Ni-0<D 7 n - S- qzit-ftf ^ o 
[0 0 8 9] jDffS^i: LT^^fflf ^«ffi0^gl:i:«^ 

t). MSTj-cjMmffiT-tvy; 202 iznLx- 
7-t>y') 3 0 2(i:< i' y -}utm.^mm-ti>^tiix 

-Cv^^o L^'w^i^o-C^ ME A 3 0 2 0*®0-e<7)SB*(± 

[0 0 9 01 ■?-ir-r*L<7)>'X;i'6 0 6«5*Sli3^v>„ #y 

X;U6 0 6 0aiP 6 0 5 (±> *D)±^M3 0 6 tcJtr&i-* 

y X;U6 0 6*^c>tt*&S^ti.*j^5p|-«i^ T'f^vKe 0 8 

<o#ffi6 1 oui:««it&?tL-&o ia6tc^L7t:r-Y7 V 

mmtt. ya-izi'iLXW^x^i>o itx<r>Xt)iSHi. 
[0 0 9 1] 5ie§#t>ii, Lv^sijv^U'f r-f h 40 

UJ:"). 7-Y7> K6 0 8<7)ffii^lcgLBiL75«?^fi£StL&:: 
C0v7.r A $rii-E) 70-4- J; l^^^c-fk? -ti- -So ioaSK 
-Jl, «:*^fi!)(-ai*>'X;i/6 1 2 ^cJ:o•C$^tA<^'b^^ 

y(omm6 2 oiz^mLxmuL/zmx-m^^^ti. 

^zxox$h^z^m.*'m^^tli>o ^nnmmmzih 
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(STIi. iOy^i' y ^-H-PV^T^-jO. 0 6 p s i "C* 

-So 

[0 0 9 21 C:OfliJ0Eajg*^0>'<'f ru- h S-fflv>4 

tr-S^o /<-<7*u- hS«:t4. llfi:T-?5<, T-§ 

[0 0 9 31 wOlS^gtziixlf, 3g(#-<<0!SijO?§?B[7i*ffl 

S^T-^?L'l4<^*i-;^74*^' D^1M1^7 0 0 i: LTffl>/^<btL 
[0 0 9 41 i^^T-#?L^<D*t*l-(±. {?iJx.»f^^7 7 r -f 

[0 0 9 51 4''i:^<0>'<'f > 7 0 4 

v^^i-<, ffi*&t$v^o L*-L'5r75*^, LD^«»±^r 

[0 0 9 61 /Wt'U- h(Of^fi6:TflJffl$n-S.^2#i 

co^iS®^*75*iii8 ic^$*T.t:</^*o c:<o^2#B<o|ti& 

^-t-l)**, (inherent voltage) 

[00971 Eistctic: <o^^<Dm 2 ff)mMmM<r>-'<^ 

(r>Wi±t:m.^^t>-^Xy^^ yi'- h ^rJgfiK-f^ t v^9)i 

0 0I±> VIS'S-® 8 0 2 tCg^-&LTV>-5>o -^^^VJS 
8 0 2 l±. »S L < t±, IP?*«3 5;pr-*-5>o Clix 
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ife®)|H:iJtt'?.<Oi:ISIfi|tCnrggT*>-£,o ^m(7)ZtX-$) 

[0 0 9 8] f'^s«)«i)^*A<i-*u»i, mmu -tsc<o 

'JK'St^^o hi)*i>^*)^z^1i^vi>^fzti- 
*nE«H«:^oy<'f ht^J:-=.r. 0[Ix»f3O6tc 

[0 0 9 9] :^<r>^m<r>:iith<7ynmmmr'ii. SPf Lw» 

[0 10 0] y^xi- 

^'/-;uS|jii*. *=S:M»Lr. T^^ii 

[0 10 1] »l)«!>34»t>^fia-Ci*tt»Sl±, :*Wlgfi 
T »i 55: t, 4 v>Sfi tc J: o T / < 7 - tc 4 „ fiS** 
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JSf-i), ii-^, 2 0-3 

> # < -r -2. i: -eig X. 4 fifi i: <0 W Ti**® <fc l^ta 

* T (± < j^iH-T-ix n a CI t «• iii«-r 4 o T 

10 [0 10 2] CIW^I^COvXt A<0^«Fgfc<0— Oj±, tKO 

[0 10 3] ^'(*:->;^-rA7»*lll9 ic^^itTV^^o ^ ^ 

9 0 0(±. m^ta :^ 9 ^ - )\' (ttzti. m 

^ 1 iS-**' V7'9 0 2 J±, > 5' y -;W«r>'N*;l/7'9 0 4 «r 
mxm^t^^i' 9 0 6 U'-Kvy«ft3&-r^>o v^' 9 0 
8(4. £-^ii:t:i^l,z^i:m^i-i>o Cico^li. jJ^VT' 
20 9 1 0 i;J:o-C/N';U:/9 1 2 =SriioTStiiS^' 9 0 
6H;K^y^3l§nao **«tJffli^fi9 1 4J±, c::«?5^ 

fi9 1 4 (4/-tJUr9 0 4 t 9 1 2 <Dffl*t6<J*fi:S«r ^ > 

[0 10 4] > ^'y-;usS«-fcv*J-9 1 6J±. > 5-^- 

sli' vi'rto^ -swifts *!B^mu, ««iai^a9i4 

30 n — ju-f-&o 

[0 10 5] |fSSi'>i!'lcAo-Cv>47Kti> ^y-^i' 
{i, .roSIJfflIv;^-rAUio-C 1 - 2MlZ^it^tLTV-. 

itSt::^oTVi^-<iT*^o 'i^vrg 2 0 »4y y - 
Jl'*, >f 9 2 2 SratrMmffi^i' 9 

2 4 IC'-i^vrisoiSlt-'&o C: wT-fflV^;^c;?.5' v ^'14, 

;»»c,aisii;^fl()!5:ai:tj9 2 6t4. ^- lc3|P>*tT^1R 

^mmii^-rtti>iz. 1 4-^0Ox.tfBESis 

f ^cCKO;?.^' y ^'J4. ttSl^g9 3 0 i:mi>^*)ii:^^ 
fS.9 3 2 *fflv^-Cjm-f-&o ^^^-f ;Wi'-.9 3 4 (4, 

[0 10 6] ^<D:Mf y (omMthnit. -oobe^^-, 

n-r^fSSI^e 9 4 OS. 1/9 4 2 Sr^V'TiaSLTTKcO 
ia]K*+^fC'(g:<-r-5>c tizioT. y i'y-;i'i:7Ko 
m:^$r^SiT-§ -So 7TV 9 4 4I4, C <0i^±P5r§^tC 

50 y-;ui:*»4, v^l-SSSKSo ^ > 
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^' y ^ (omayi^h 'J -^--f ^' / -ju 9 

4 6 flJOii^S^g 5 2*^e,'j-<f 'f'^';uS'it/j^^ 

mmf>i' 9 0 6 Ui]iiX1-4c, 

li i ^. 4^- etj&flg <0 ^ -5. t « tc:^:^^ T- $) -5 

At, d ix i;** L T ia^*: «• > ■:rmm ti>^tt.i^iHit 

-5^0 «^JAff> ^^Sr2 0 p s i t-SDEt-^Ci:75t.£<S 

itiri;t^^ (*y- K-cEi&L/-^) »i, jSJK»c£EjS 

SfL-CV>**i-g-*t?&i:'T-*-5.o i<om;fJ^^9 4 4 
1 9 p s i tCiESI?ttTV»-2,-C*^-5„ LXtiit}^ 
^9 4 4 fi, EEt}m&m^-i^>9 4 BKX^o 

9 3 0 «-IE©-r^;L-*tcfflv»'ba^o 

JfelcJ:o-C4fefiELfc^^J<^2 0-3 0 %S-flJffl-r-6*^<> 

[0 1 0 8] J^4^;^>'«>^^^a<OtfJ:^j9 4 8(i, ^^i: zo 

5 0-C«ftB^^;4tifi.|;tij?tt, i;^c[H]iR^a;t:7Kli. « 

9 0 2 tcM^^T-'&o iafiJ<D7K?reL<S7K?L9 5 

osfDTjf. mmKi:M.Btiztx-t<r>m^m.miiuWk 30 

[0 10 91 > ^'y-;i'-t>-i)-4-fflvTf^ 

ftflK-So C<0-b>-9-»±, mi Oiz^^tifz^BLfzBm- 
S?ib«-fflv>-5o Pt-RuTy-Kl 002f±, -^-V-f 

^ 1 0 0 4 tcg-g- Lr is •? , -S-f^mSIKli P t 

V- KtcS^LTv^^o CO* V- Kliry- KJ; 40 

[0110] * V - K 1 0 0 6 (SJ/T - K) »i. ^ 
^'^'-■'I'iSiKtCgiR^it^o L7t**oT, *V-K10 

0 6i±> mi^(r>^'i,z^^t:if>iz^9(.tRt;&i-iz tax- 

2(iH20tci-5Src«(ijec t?#^rv>„ IEEE*- C (73j^|^-m 
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[0 111] L/c**oT, Cl<7)RCt.i±, 
( + ) H2O + CH3OH — CO2 + 6H+ + 6 
e - 

(-) 2H* + 2 e- - H2 

[0 112] 3c^jE75t5c^EEIl£& 1 0 1 0 i,z H -oX-A^n 

htii>o msEfti 0 1 2i)^'mT^im^i-i>o mi i (*> 

nyn-t y-^-r-^ixIfJ: < . H 1 1 coy ay h^iifzm 
^S:fflv»Tia!l^§*T.7tmS£U*-f)ESi-*S:<>i£vM ^' y - 

-'^^tK4•J^•;'^'T•yy-r'^>o Hi l<07"n->n±, iajK 

[0 1131 ;i<D§tm<oii o—^<Dn.m^j:<i^Wi> sni 

C (7) -> 7. 7^ A ^ H-ftffl 1- ^ C t 

-&0 mm6^iz^miri,l,zii, H'7.if^>-f(n>:^9 
m.X*9 J -i^^m^ir^^^ii'^ihhXib^^^ 

^Mz'yT.'rt.xmWz^m.Xi)^,^ Lfzi^^X. Z 

^ii. HI 1 2 iwiH^Sttrv^^o SSPSfO^-f ;u^l±. 
-g-fiS;<02 5M (Mobil) ^ ■^t^'P^i' -i ■f<0-ii± 7 ^ 

-rS7t*!>lCffl(/^(b^X'&o Cn.t,(7)-f:f 9 H±. 3~1 
O^Vi^X hn-AcolaHT-^ 1 tS-i^ 3 --t^-* tc^^r^ 

</>4 t J: v»o 
[0 1 14 1 

12 3 CH3OH, H2O, O2. H2 
milt. a'^Ji::*ci*iSS<0?L«-#o-tf5j-7'1' hX, 

^T^-f Ar-*cT> ±^^j:-$i-^im^X^ m 

n-T)Vii>miySL'omfi>o -t'^j-^-f h 3A^4 A«± 
[0 1151 m^l^tOT-Zn-f- 
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[0 1161 M^mi^(r>§tm<omimmmmi. m^w* 

[0 1171 -/^^^f- y i!'$iS;'^ti&^S!iCD7n-7 
^D>^<?)^ti.-ritWliIlc^<o 7 n - 7 - Jl/ KgR*t 

[0 1 181 9ri)-^h. «S^i^t-m5E«raE-ro 

m^f\.-tz-&%r}-^ >/N'4-aoTlK<0§|2<OffliJ®Uif35»n 

ffifiKS^ *^ f> ^^-r -5 SeE it?iJ tcesi- c: t (c i o 
[0 1 1 91 iC0^eg(7)^2<7>ft#llffi.®tt«i. ^i'V 
>v- h j§S$ixTV^-&o f- ^' > n jt, , 

'J>^^**, Blfcry- Ki:<0Kic v>'N'S:Jg^i-*o 

^ -t -i) V - ^T'ffi 
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<D?t ») Hi L r v» ^> o 

[01201 ttz. kf- Kv-^w^-fflv^filf^iSiay r 

[0 12 11 CW^ifi^^li, -fimrtfe*->':x-;i/0^ 
ILX htlXiS*) . S.^^iZ\tl\,^$,o^mi)^i^*)±ifh*lX 

ii:.-cv>-2,o 7n-7'f -;u K»±> Sli#gwl;?ife<^* 
V - Kflll icffi L tz^9^<r> yu-y ^ -i^v^$)Z>o ^<r> 

®L-Cv>-5,<, i(7)l|2<73^N''f ^-7Srtfe<o* V- KfO 
J±x ^^**SEti'S)SiJ07n-7^ KOSB^lcMLT 

[0 12 21 \,iA.<n)'P^<r>%mmW.oy^i±.t^\znm\>z 
[lil®(Offl*«r|tt??l 

[mil c:<05l?§tcj:-&J^iH-mrtfec»»*«^«r^i--SB 

[1121 c:cofl?^tcJ:-5j!!Ki|4-mftfc<o**ifi-ti^.^^«-S^-r 
-y i!'ilSlll-e*^.-C**o 

[I2I31 7-yx2> {mmm) i^y^-vi.fzi]-^' 
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